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Abstract:

This study proposes a probabilistic framework for assessing the reliability of cross-linked polyethylene power cables using

a Bayesian Neural Network (BNN). Unlike traditional deterministic models that provide point estimates of asset health, the

proposed BNN explicitly quantifies the uncertainty inherent in cable degradation. The framework utilises a dataset of

nearly 6000 cable samples, incorporating seven critical diagnostic indicators: operational age, partial discharge, tangent

delta (TD) characteristics (mean TD, delta TD, and TD stability), visual condition, and neutral corrosion. To ensure model

integrity, data preprocessing involved feature normalisation to standardise input scales, with statistical parameters derived

solely from the training set to strictly prevent data leakage. The model targets the health index as a continuous output

variable (0–100). Model architecture is optimised through a comprehensive sensitivity analysis for hyperparameter tuning,

evaluating the impact of prior distributions and network depth on predictive stability. Generalisation capability is

evaluated by excluding a 5% subset of the dataset, which served as unseen samples for final validation. The BNN outputs

a posterior predictive distribution for each cable, yielding a mean predicted health index and a 95% confidence interval.

The accuracy of the model is in the range of 96% to 99% with a small mean absolute error between 1 and 3, by

considering a 5% confidence interval. The impact of this study lies in transforming cable maintenance from a reactive to a

risk-based paradigm. By providing uncertainty bounds, the model enables utility operators to distinguish between

"confident safe" and "uncertain/high-risk" assets. This probabilistic output facilitates precise maintenance scheduling and

optimised lifecycle management, ensuring interventions are targeted based on both the predicted condition and the

confidence of that prediction.
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